The US ranks ninth in obesity in the world, and approximately 7% of US adults experience major depressive disorder. Social isolation due to the stigma attached to obesity might trigger depression.
INTRODUCTION
In recent years, obesity has become a major health issue in the US and worldwide. The World Health Organization estimated that, as of 2007, 74.1% of Americans over 15 years old were overweight, and the US ranked ninth in the world in terms of obesity [1] . The growth of obesity is also remarkable: 19.4% in 1997, 24.5% in 2004, and 26.6% in 2007 [2] .
Mental disorders may be an important issue related to obesity. Approximately 25% of all adults in the US (approximately 57.7 million Americans) have been reported to experience some mental health disorder each year [3] . Psychologists have found that obesity is considered a "stigma" because it is con- ceptualized as a form of physical deviance [4] . According to Goffman [5] , obese individuals are even viewed as "not quite human" and subject to discrimination or avoidance. Richardson et al. [6] conducted several experiments to rank preferences for 6 images of individuals (those with no physical handicap or some physical handicap and 10-year-old or 11-year-old obese children). They found consistent preferences for no handicap over some handicap. Remarkably, the least preferred image was always that of obese children [7, 8] . The stigma attached to obesity may generate considerable stress, which can lead to mental health disorders.
Although the precise mechanism that causes depression remains unclear, textbook causes known thus far include social isolation, abuse, certain medications such as cholesterol-reducing drugs, the death or loss of a significant other, genetic factors, serious illness, and substance abuse [9] . Therefore, social isolation due to the stigma attached to obesity might trigger depression. If obesity increases the likelihood of a mental disorder, then the true cost of obesity may be higher than has been estimated thus far.
Several studies have examined the relationship between Can Obesity Cause Depression?
obesity and depression [10] [11] [12] , but no study has analyzed their causal relationship. The first issue to consider is bias due to omitted variables. As Faith et al. [11] and Comings et al. [13] report, the common gene ObD7s1875 may make people obese and depressed simultaneously, and omitting this gene may be another source of upward bias for the ordinary least squares estimator. Unobserved individual characteristics may be another relevant factor. If an individual shows a high discount rate (i.e., emphasizes the present), then he or she may overeat and engage in other unhealthy behaviors, such as smoking or avoiding exercise. Another source of endogeneity is reverse causality, according to which depressed individuals may overeat or undereat [14] , which may generate an upward or downward bias. This paper attempted to characterize the causal relationship between obesity and depression by using a pseudo-panel approach. In particular, we dealt with endogeneity introduced by omitting unobservable factors such as the ObD7s1875 gene and other time-invariant unobservable individual characteristics.
METHODS
We used the Behavioral Risk Factor Surveillance System (BRFSS), which is an annual cross-sectional survey of the adult population (18 years of age or over). The BRFSS is a nationally representative sample based on a phone survey using both landlines and cell phones, and was established in 1984, covering 15 states. It has one of the largest numbers of observations with state identifiers, making it the best dataset available for this paper. We used the BRFSS data from the 1997-2008 period, during which the survey used consistent measures of depression variables.
Depression, a measure of mental disorder, was calculated as the number of days that the respondent felt not good during the last 30 days due to stress, depression, or problems with emotions. For instance, a score of 3.37 means that a respondent had 3 days that they did not feel good in a month. We also defined depression as a binary variable, with a respondent considered to be depressed if he or she felt bad on more than half of the days of the month. Based on descriptive statistics, 7% of the BRFSS population was classified as depressed for the sample period ( Table 1 ). The key independent variable was obesity, which was measured by the body mass index (BMI; weight in kilograms divided by the square of height in meters).
We constructed pseudo-panel data for the analysis. Deaton [15] suggested the use of cohorts to estimate a fixed-effects model from repeated cross-sections. In his approach, individuals sharing some common characteristics are grouped into cohorts, after which the averages within these cohorts are treated as observations of a pseudo-panel [16, 17] . Importantly, panel data allow researchers to account for unobservable individual heterogeneity, such as the ObD7s1875 gene or other time-invariant unobservable characteristics. Although our data set was not originally a panel data set, we were able to at least approximately account for individual heterogeneity that it is important that the grouping is done so that each person is likely to remain in the same group over time. Thus, we constructed pseudo-panel data sets based on individuals' physical and socioeconomic backgrounds. It is possible that the constructed groups were still heterogeneous over time, so we considered multiple levels of pseudo-panel data in order to obtain as much information as possible. The simplest form is the representative agent for each state and time. Time is measured by year and month together. For example, January 1997 is a unit of time. For every group and period, we averaged the variables and formed a pseudo-panel data set. We constructed 4 more pseudo-panels by adding sex, marital status, race (ethnic group separately), and education level, one by one, starting from the simplest state and time pseudo-panel. That is, a group in the second pseudo-panel in a period was constructed by averaging values among individuals of the same gender living in the same state. In the third pseudo-panel, each group in the second pseudo-panel was further divided into subgroups by marital status. The last 2 panel data sets were constructed by adding race and education level successively to the grouping criteria in the previous criteria. The econometric model for the estimations is given as follows:
Yit=β0+β1BMIit+β2Xit+αi+uit
(1)
where Yit is the measure of mental health outcomes for unit i in the pseudo-panel, calendar year and month are indicated by t, αi refers to the unobserved group-specific effects, uit is the error term, and X includes sex, marital status, race (white, black, and other), Hispanic ethnicity, education (no high school diploma, high school diploma, some college, college diploma or higher), age, annual household income (in US dollar [USD]) (<10 000, 10 000-15 000, 15 000-20 000, 20 000-25 000, 25 000-35 000, 35 000-50 000, 50 000-75 000, and ≥75 000), and year and month dummies accounting for long-run trends and common seasonal variability.
RESULTS
We present the pseudo-panel regression results in Table 2 . The Hausman test suggested that the group fixed effects were correlated with the explanatory variables. The first column of Table 2 shows the results for the simplest pseudo-panel data. Every 1-unit increase in the BMI increased depression by 0.159 days per month. Standard errors (in parentheses) are clustered by panel group. This method provides consistent standard errors if the errors are independent across groups, while arbitrary correlations are allowed within each cluster.
The second column of Table 2 shows results for the pseudogroups of state, time, and sex. In this column, male and female are not in the same group any more. The sample size doubled but the magnitude of the coefficient decreased slightly. As we The dependent variable was depression, and the independent variables were body mass index, age, household income level, the yearly fixed effect, and the monthly fixed effect. Reference group means the level of pseudo panel constructed and '+' means added pseudo panel level to the specified column. **p<0.01.
considered marital status additionally, the coefficient of interest became 0.104, which means that a 1-unit increase in BMI led to 0.1 additional depressed days. Considering race, ethnicity, and education level improved the precision substantially, although the coefficient was robust for these criteria. The specification in column 5 means the following: a 1-unit increase of BMI would increase depression days by 0.093, which is 2.8% of the sample mean (3.37). This finding was statistically significant at a 99% confidence level. The magnitude of this estimate can be interpreted as follows. The average BMI increased by 1.64 from 25.8 to 27.5 kg/m 2 during this period, which was associated with 0.15252 (=0.093× 1.64) more depression days per month. Since the depression days per month increased by 0.29, increases in BMI would explain 53% of the total variation in depression days per month based on our estimation. This is a remarkably large magnitude, but it should be interpreted with caution. In particular, considering that the pseudo-panel approach does not account for reverse causality, although it deals with omitted unobservable effects, we admit the possibility that this result describes correlation. It is nonetheless possible to draw more positive implications. If the depressed are more likely to overeat than to undereat, this effect would act as an upper bound. If both tendencies cancel out, the effect would be closer to the true causal effects.
Further research is warranted regarding this issue. Table 3 presents the results from a robustness check. The first concern was specifying the functional form for the obesity measure. We tried a quadratic specification and found a Ushape. A BMI of 20.8 kg/m 2 showed the minimum risk for depression, and as shown in the third and fourth columns, we found that thin people showed a statistically significant negative relationship with depression. However, obese people presented a statistically significant increase in depression. In the bottom panel of Table 3 , we show the results using a binary specification of the dependent variable (depression). We defined an individual to be depressed if he or she felt depressed for more than 16 days per month, and this variable was averaged for the individuals in each pseudo-panel group. Thus, the 'depressed' variable was the proportion of those who felt depressed for more than 16 days per month out of the population of the group. A 1-unit increase of BMI increased the probability of being depressed by 0.3 percentage points, which is 4.2% of the sample mean (7.0%). This was statistically significant. During this sample period (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) ) the percentage of the depressed population increased from 6.3 to 7.4% in our data, as shown in Figure 1 , which is a 1.1 percentage point increase. The BMI increase during the same period would explain 0.5 percentage points of the increase (=0.003×1.64), corresponding to 45.0% of the total variation in the percentage of the depressed population. This is a tremendous change in magnitude, and is similar to what was derived from the results in Table 2 .
DISCUSSION
The prevalence of obesity has been rising for at least 5 decades [18] , and mental illness is widespread. Scott et al. [19] conducted a cross-sectional survey across 13 countries and found a statistically significant association between obesity and depressive disorders. McElroy et al. [12] also found that mood disorders and obesity may be related to each other. However, neither of the above studies could clarify the direction or nature of the relationship observed due to endogeneity.
We examined the effects of obesity on mental health using the BRFSS, which is a nationally representative survey. We attempted to account for endogeneity introduced by omitting important unobservable factors by using a pseudo-panel approach and found that the association was still statistically significant.
There remains the issue of reverse causality. For example, a depressed individual may overeat or undereat. If the former, our estimates overstate the causal effects. Our pseudo-panel data do not resolve the reverse causality issue. Ideally, legitimate and relevant instrumental variables would provide a solution if they can be found. We leave this interesting topic for future research.
Our finding has an important policy implication. Based on the Medical Expenditure Panel Survey, 36.2 million people in the US paid for mental health services, with expenditures totaling USD 57.5 billion in 2006 [20] . Currently the economic costs of obesity range from USD 147 billion to nearly USD 210 billion per year [21] . These estimated costs, however, do not include the adverse impacts of mental health conditions. If we take this into account, the cost of obesity would increase. Recently, countries such as Japan and Denmark have introduced a 'fat tax, ' and some schools have removed vending machines. Evidence from this paper can be used to support these social movements. 
